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Abstract
ospark-sourced electron beam has two phases, an initial hollow cathode phase (HCP) beam followed by a
9
conductive phase (CP) beam. The beam brightness was measured by a field-free collimator to be 10 and

1011Am�2 rad�2 for HCP beam and CP beam, respectively. The initial HCP beam from an eight-gap pseudospark

discharge was applied in a Cherenkov interaction between the electron beam and the TM01 mode of a 60-cm long

alumina-lined waveguide. While the CP beam from a three-gap pseudospark discharge chamber was propagated and

post-accelerated from about 200V to more than 40 kV.
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1. Introduction and the inductance in the discharge circuit [4].
Pseudospark discharge [1–3] experiments to
Higher-energy electron beam production, more
suitable for high power microwave generation, was
a low-temperature plasma for use as a studied using multi-gap pseudospark systems.

copious source of electrons have been carried out
at the University of Strathclyde. The plasma can
be regarded as a low work function surface that
facilitates electron extraction. Initial study of
electron beam production was carried out on a
single-gap pseudospark system for a wide range of
parameters, including cathode cavity length, cath-
ode hole size, applied voltage, external capacitance
Electron beam pulses of duration of tens of ns,
current density (>108Am�2), brightness of up to
1012Am�2 rad�2 and emittance of tens of mmmrad
were measured from a pseudospark discharge [5].
This beam has a higher combined current density
and brightness compared to electron beams formed
from any other known type of electron source. It
was applied in a Cherenkov maser interaction and
also transported in a plasma-induced ion back-
ground and simultaneously accelerated by an
accelerating potential. This article will present some
results from these experiments.



Fig. 2. Typical waveforms of pseudospark discharge voltage,

the beam current and the microwave pulse.
2. Cherenkov maser interaction experiment

A schematic outline of the pseudospark-based
Cherenkov maser amplifier is shown in Fig. 1. The
main components of the experiment are the
pseudospark-based electron beam source, the
magnetic field for beam transport, the Cherenkov
interaction region, electrical/beam diagnostics and
the microwave launching/diagnostic system. In
the maser system, the presence of the dielectric
in the waveguide reduces the phase velocity of the
electromagnetic waves, allowing a resonant inter-
action to occur between a TM or HE waveguide
mode and the rectilinear electron beam. Coherence
of the generated radiation arises due to bunching
of electrons in phase with respect to the electro-
magnetic wave.

Microwave radiation was detected successfully
from the pseudospark-based dielectric Cherenkov
maser amplifier. The temporal profile of the
microwave output radiation from the maser is
shown in the lower part of Fig. 2, time correlated
with the electron-beam current and voltage pro-
files.

The frequency range of the microwave radiation
from the Cherenkov maser amplifier was measured
to be between 25.5 and 28.6GHz by applying
different cylindrical cut-off filters in the wave-
guide. The observed frequency was found to be
20% higher than that predicted by the resonance
condition for 70–80 keV beam energy. This dis-
crepancy is probably due to charging of the
dielectric liner [6].

The output antenna pattern associated with the
azimuthal E-field component was measured to be
independent of the presence of the dielectric and
close to zero, confirming the operation of a TM
mode. The measured pattern was in good agree-
Fig. 1. Cherenkov maser experimental configuration.
ment with the results from bench experiments in
which a 27GHz TM01 microwave signal was
launched using the same horn. This confirms the
operation mode to be TM01 mode. The peak
power was measured to be around 270.2 kW and
the gain to be 2973 dB. A relative spectral energy
distribution was obtained and approximately 65%
of the radiation was found to lie in 25–28.6GHz
frequency band.

To complement the experimental investigations
of the Cherenkov maser, a three-dimensional
numerical simulation code was developed [7,8].
The simulations show that the TM01 mode at
B21GHz is amplified strongly, attaining a power
of B3.4 kW at z ¼ 60 cm, whereas the power in
the TM02 mode at B55GHz remains around its
initial level. These simulations support the inter-
pretation of the experimental results as microwave
amplification via a Cherenkov interaction between
the high-quality electron beam and the TM01 mode
of the dielectric-lined waveguide.
3. Post-acceleration experiment

A schematic outline of the experimental setup
for the study of the propagation and the post-
acceleration of the pseudospark-sourced beam is
shown in Fig. 3. The electron beam was extracted
from a three-gap pseudospark discharge chamber.
The single Perspex disc of inner diameter 5mm,
outer diameter 300mm and 26-mm thickness was
used for acceleration gap insulation. It was made
with a recess to achieve a 5-mm acceleration gap
separation.
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Fig. 3. Schematic diagram for the post-acceleration experiment

of the pseudospark electron beam.
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Fig. 4. Typical record of the time-correlated pseudospark

discharge voltage, beam current and the acceleration voltage

pulse.
The pseudospark discharge was powered by a
DC power supply. The hollow cathode was
connected through a 30MO charging resistor to
a negative voltage source (–30 kV, 1mA DC power
supply) and the charging voltage was measured by
a capacitive voltage probe. The external energy
storage capacitance was 600 pF. The acceleration
unit was driven by a 40 kV, 125 ns voltage pulse
produced by a cable Blumlein and the acceleration
voltage was measured by another capacitive
voltage probe. The pseudospark discharge and
the cable Blumlein were triggered by two sets of
trigger signals controlled by two delay units and
one trigger source. Both trigger signals for the
pseudospark and the cable Blumlein were 15 kV
pulses. Careful adjustment of the delay units
ensured the beam acceleration voltage was applied
at the right time.

The propagation of the electron beam from a
three-gap pseudospark discharge chamber was
studied as a function of the length of a collimator
of 3.5-mm internal diameter. Rogowski coil beam
current measurements 150mm downstream from
the anode showed that with no magnetic guiding
field, 70% and 50% of the beam propagated
through 30 and 60mm long collimators, respec-
tively. A magnetic field free collimator technique
also enabled a beam brightness of up to
1011–12Am–2 rad�2 to be measured from a 3-gap
pseudospark discharge.

In the post-acceleration experiment a 30mm
long collimator of 3.5mm internal diameter was
used after the anode of the pseudospark discharge
chamber and the acceleration unit was located
immediately after the collimator to achieve a gas
pressure gradient and to optimize beam current.
The beam acceleration experiments showed that
careful adjustment of the trigger system could
ensure synchronization between the beam propa-
gation and the application of the acceleration
voltage. A 100A, 40 kV electron beam pulse was
measured at a distance of 120mm from the
acceleration gap without a magnetic guiding field,
as shown in Fig. 4. However, in Fig. 4 some beam
loading effect is evident where it can be seen that
as the beam current increases the post acceleration
voltage decreases and the flat top of the voltage
signal becomes shorter. During the experiments,
the beam loading effect was mitigated by reducing
the internal impedance of the cable pulser from 50
to 14O. It is possible to further reduce the beam
loading effect by continuing to decrease the
internal impedance of the cable Blumlein or by
using an alternative lower impedance pulse form-
ing line.

Beam propagation across the acceleration gap
and further along the beam channel was simulated
using the electromagnetic PIC code MAGIC. The
simulations show that a 200V, 200A beam in a
pseudospark CP phase will propagate across a
40 kV post-acceleration gap of 5mm separation in
an ion background of certain densities. About
10% and 70% of the beam would propagate
across the gap when the ion densities are 1� 1012

and 6� 1012 cm�3, respectively. Fig. 5 shows a
simulated beam profile and current variation
during its propagation across the acceleration
gap in an ion background of density 6� 1012 cm�3.

The simulation also shows that with ion back-
ground, the shapes of both the cathode and anode
of the acceleration gap have little effect on beam
propagation.
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Fig. 5. Simulated beam profile and current variation during

propagation across the acceleration gap and further along the

beam channel with an ion background of density 6� 1012 cm�3

(K, cathode; A, anode; z; beam channel axis; vertical dense

lines, plasma zone; and cloud, electrons).
4. Discussion and conclusions

In conclusion, we have presented measurements
of coherent electromagnetic radiation generation
in a free electron maser using an electron beam
from a pseudospark discharge. The microwave
radiation was generated by Cherenkov amplifica-
tion of the broadband emission from the pseudos-
park discharge. The frequency of the microwave
output after the Cherenkov maser interaction was
measured to be mainly around 25.5GHz and the
dominating mode was identified as being TM01.
The peak power is of around 270.2 kW and the
gain was measured as 2973 dB.
A 100A, 40 kV electron beam pulse was
measured at a distance of 120mm from the
acceleration gap without a magnetic guiding field.
Comparing this with the simulation implies that a
favorable ion background exists along the beam
channel and the acceleration gap. The ion back-
ground can be formed from the background gas
ionization by the initial high energy HCP beam
during the pseudospark discharge, which also
expels electrons in the ionized gas media. In
summary, the beam in the pseudospark conductive
phase was successfully accelerated from about
200V to more than 40 kV.
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